The first scientific flight of the BESS-Polar experiment was carried out in December 2004, aiming at elementary particle phenomena in the early Universe through observation of low energy antiprotons and search for antimatter in the cosmic radiation. The BESS-Polar payload was launched on December 13 from Williams Field near the US McMurdo Station in Antarctica, and circulated around the South Pole for 8 days and 17 hours. During the flight, the superconducting spectrometer including the solar-cell power supply system worked well, and two terabytes scientific data were recorded on the onboard hard disk drives. The flight was terminated on December 21, and the payload landed on the Ross Ice Shelf. The recovery operation continued for a week, and the spectrometer was recovered safely.
Introduction
A low-energy antiproton energy spectrum measured by BESS (Balloonborne Experiment with a Superconducting Spectrometer) in the last solar minimum period ( Fig. 1 ) [1] was slightly flatter than the predictions of the antiproton production by collisions between high energy cosmic rays and interstellar matter. This might indicate the existence of novel processes of cosmic-ray antiproton in the Universe, such as evaporation of primordial black holes [2] or annihilation of supersymmetric dark matter [3] . A long duration balloon (LDB) flight over Antarctica can provide an excellent opportunity for a high statistical low-energy antiproton measurement, by which the origin of low energy antiprotons in the cosmic radiation can be concluded. It flies at the low geomagnetic cut-off region about 10 days for a single circumnavigation, so we can expect much higher statistics by one LDB Antarctic flight than that by a oneday conventional balloon flight.
A LDB flight is also suitable for the highly sensitive search for cosmic antimatter. Even a single event of antihelium nuclei in the cosmic radiation would have very important significance for both cosmology and particle physics, because it will be a strong evidence of the existence of antimatter domain in the Universe, which would had been generated by the "local" matter-antimatter asymmetry in the early Universe.
Thus the advanced phase of the BESS experiment, BESS-Polar, has been prepared since 2001 [4] , for further investigation of the elementary particle phenomena in the early Universe through a precise measurement of an energy spectrum of low-energy cosmic-ray antiprotons and an extensive search for antimatter in the cosmic radiation.
BESS-Polar payload
In order to meet the severe requirements for the LDB flight over Antarctica, a completely new superconducting spectrometer was built for the BESS-Polar experiment. The basic concepts, such as the cylindrical configuration with an open and wide acceptance and redundant measurements of parameters for unambiuguous particle identification, are inherited from the BESS superconducting spectrometer for the conventional balloon flights. The material thickness along the incident particle trajectories was minimized to measure lowest energy antiprotons down to 100 MeV at the top of the atmosphere. The total weight of the payload was also reduced to utilize a 39 MCF two-cap balloon, which can carry the payload into an altitude with the residual pressure less than 5 hPa.
The BESS-Polar spectrometer, as shown in Fig. 2 , consists of a superconducting solenoid, a drift chamber tracking system, three time-of-flight (TOF) scintillator hodoscopes, a silica-aerogel Cherenkov counter, a data acquisition system and their power supply system. The detailed design is described in elsewhere [5] .
The development of this new payload has progressed step by step. The basic concept of the solar-cell power system was verified by an engineering balloon flight at the Sanriku Balloon Center in Japan. The performance of the particle detectors, such as thinner TOF counters and silica aerogel Cherenkov counter, were verified with a beam test at the proton synchrotron at KEK. In October, 2003, a technical flight was conducted at Ft. Sumner, NM, U.S.A., in order to check the compatibility of the interfaces between the payload and the balloon vehicle. Although no particle detector was onboard, launching of the payload with the full-size structure, balloon operations in a strong magnetic stray field, and communication between the payload and the ground station via the TDRSS (Tracking and Data Relay Satellite System) were satisfactorily verified.
After the technical flight at Ft. Sumner, the final integration of the BESS-Polar payload was carried out at NASA Goddard Space Flight Center. All particle detectors were installed onto the superconducting spectrometer, and were checked their performance by cosmic-ray muons. In August 2004, a pre-deployment integration for the LDB flight was conducted at the National Scientific Balloon Facility (NSBF) in Palestine, TX. Certified by the 
Scientific flight
The onsite preparation of the first BESS-Polar flight over Antarctica was conducted from the end of October, 2004. In a staging area, so-called 'Weatherport', at Williams Field near the U.S. McMurdo Station, the BESSPolar spectrometer was finally integrated and checked for a month. The compatibility test on the ice was performed on December 3, and then the BESS-Polar payload became ready for the flight.
On December 13, 2004, the balloon carrying the BESS-Polar payload was launched from Williams Field (Fig.  3 ). The payload floated over Antarctica for more than 8 days in an altitude over 37 km. During the flight, the superconducting spectrometer including a solar-cell power supply system worked well, except for the malfunction of part of photomultipliers for the TOF counters placed in vacuum. Sometimes during the flight, since the payload went south beyond the line of sight of the TDRSS satellites, the communication between the payload and the ground stations was lost. But generally we could monitor and control our payload well, and could keep the payload in good condition.
The payload landed at the south end of the Ross Ice Shelf on December 21. The recovery operation onsite was carried out for a week. The payload and the solar panel structure were disassembled completely, and the cryostat of the superconducting solenoid was cut into several pieces, as shown in Fig. 4 , in order to be accommodated by the DHC-6 Twin Otter recovery airplane. The flight status is summarized in Table 1 . The flight trajectory is shown in Fig. 5 , and the altitude and the residual pressure variation during the flight are shown in Fig. 6 .
Summary
The first scientific balloon flight of the BESS-Polar experiment was successfully carried out in the austral summer in 2004/2005. 900 million cosmic-ray events were recorded on the hard disk drives, and the drives were securely recovered. Though some of the particle detectors and the superconducting solenoid were disassembled on the ice due to the limited capacity of the recovery transportation, the BESS-Polar payload will be integrated again for a possible further flight by the LDB over Antarctica.
